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T-h .  nc;  -aul  moaned  sortiy  as  the  shiny  metal  filament 

oehtnd  the  glass  wall  snapped. 

"Tough  luck,"  Jim  commiserated  beside  him.  "This  means  we've  got 
budget  for  just  or.e  more  try." 

"Let's  go  to  my  office,  get  some  coffee,  and  call  Howie,  It  just 
could  be  that  he'll  be  able  to  find  something  that  can  help  vs." 

The  two  men  left  the  testing  lab.  The  bright  morning  sun  and  the 
warm  browns  and  yellows  of  Paul's  office  soothed  frayed  nerves  a  little. 

"Howie,  Paui  here.  That  last  alloy  we  tried  almost  made  it.  I'm 
sure  if  we  could  get  just  a  little  more  beryllium  into  ’ t ,  it  would  far 
exceed  what  we  need  for  the  instrument.  What  are  the  chances  you  can  lo¬ 
cate  some  more  information  or  someone  who's  had  experience  with  this  sort 
of  thing?" 

"I'll  recheck  the  information  files,  Paul.  Could  be  there’s  some¬ 
thing  in  the  pipeline.  Also,  I'll  sand  out  an  S.O.S.  to  some  of  my  collea¬ 
gues  in  other  lab  info  centers.  We'll  try  to  let  you  know  by  the  afternoon." 

Howard  Blumberg  shoved  his  chair  to  the  typewriter  console  beside 
his  desk.  He  was  one  of  the  lab's  information  troubleshooters.  A  metallur¬ 
gist  by  training  and  experience,  he  had  been  attracted  to  the  Bonhorane  In¬ 
stitute  because  of  its  working  environment  and  the  caliber  of  its  staff. 

He  became  impressed  with  a  feature  of  its  operations,  a  number  of  informa¬ 
tion  services  that  provided  useful  backup  to  its  engineers,  researchers, 
and  managers  in  the  various  specialty  areas  of  its  departments.  He'd  never 
thought  of  an  information  service  as  a  vital  part  of  a  team  before.  He'd 
come  to  appreciate  the  information  people  at  B.I.,  though.  Sure,  some  of 
them  were  types  he’d  ercountered  before.  Like  Mrs.  Winkle,  trim  but 
motherly,  a  stereotype  of  the  librarian.  And  Claire  and  Louise,  who  cata¬ 
loged  and  did  some  reference  and  charge -out  work,  though  with  the  automa¬ 
tic  system,  people  didn't  have  to  handle  a  lot  of  mundane  clerical  chores 
any  longer.  Even  before  one  get  to  Harry  and  Marge,  though,  one  noticed 
a  difference.  Harry  and  Marge  were  information  specialists.  They  read  a 
lot,  wrote  abstracts  that  were  circulated  to  people  selectively  according 
to  their  interests.  But  they  did  a  lot  more.  They  worked  with  several  re¬ 
search  groups,  sat  in  on  their  seminars  and  briefings,  and  did  a  lot  of  leg 
work  by  telephone  and  typewriter  console  to  locate  information  that  could 
be  useful  to  the  research  groups.  Sometimes  they'd  also  make  surveys. 

The  Instituted  was  complimented  more  than  once  on  these,  because  the  surveys 
anticipated  "hot"  areas  and  saved  people  time,  outside  the  Institute  as  well 
as  ..a  Institute  Labs,  when  they  were  ready  to  turn  to  these  areas.  Harry 
.•r.J  Marge  were  a  r.ew  breed,  all  right,  but  so  were  Mrs.  Winkle  and  Claire 
anu  „oui  se .  One  got  the  feeling  that  they  knew  what  you  were  talking  at, 
and  why  you  needed  what  you  asked  for.  They  could  even  unscramble  garbled 
recollections  of  b„..-ks  and  papers  and  people,  and  it  wa  a  matter  of  pro 
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fessional  pride  to  them  to  do  all  this  Members  of  a  team  --  they  sure 
were!  Howard  had  gravitated  to  information  work  when  the  Institute  re¬ 
ceived  a  contract  for  the  quick  study  and  development  of  an  esoteric  ma¬ 
terial  that  he  had  personally  been  keeping  a  file  on.  Amazing  that  this 
should  have  payed  off  on  what  he  had  often  chuckled  to  himself  and  called 
a  burrowing  idiosyncrary , 

Within  half  an  hour,  Howard  knew  that  no  useful  new  information 
had  been  received  at  the  Institute's  information  centers  chat  related  to 
Paul's  problem.  He  had  also  sent  mes^ges  to  two  other  centers,  in  Calif- 
orn  a  and  Maryland,  to  recheck  their  files.  A  message  went  to  a  focal 
point  in  England,  and  one  would  be  waiting  for  his  friends  in  Japan  when 
the  time  came  round  to  opening  that  morning. 

Howard  stared  out  the  window.  "Dr.  Lindstrom,"  he  mused,  thinking 
of  the  white-haired  emeritus  professor  he'd  met  one  evening  during  a  "hull" 
session  at  the  ASM  meeting  last  year.  Lindstrom  had  talked  about  several 
alloys  he'd  experimented  with  almost  a  lifetime  ago  in  Europe.  Hadn't  he 
said  he'd  begun  to  look  into  these  again  here?  A  long-distance  call  to 
Texas . 

"Paul,  Howie  here.  A  Dr.  Lindstrom  from  Texas  will  be  calling 
you.  Sounds  like  he  may  have  some  information  you  can  uce." 

"Thanks,  buddy.  The  call's  coming  in  right  now  on  another  line. 

Call  you  back  later." 

"Howie,  Paul.  That  contact  you  made  for  me  with  Lindstrom  might 
be  it.  He  says  he's  gotten  the  properties  you  want,  but  only  in  che  lab¬ 
oratory.  We  think  we  can  put  it  on  a  production  basis  with  a  few  pro¬ 
cessing  changes.  We're  going  to  have  a  conference  call  this  afternoon 
with  Lindstrom,  Some  of  our  production  men  and  lab  men.  Can  you  get  in 
on  it?  There  may  be  a  few  odds  and  ends  we'll  still  need  data  for." 

During  the  conference  call,  several  processing  bugs  were  discussed. 
Other  groups  at  the  Institute  had  already  encountered  several  -if  them  in 
connection  with  the  development  of  other  materials,  as  disclosed  from  a 
check  of  the  information  systems.  The  solution  of  one  fabrication  prob¬ 
lem  was  noted  in  the  reply  received  from  England.  The  California  center 
said  it  had  had  a  request  for  similar  information  from  a  client  several 
months  ago.  If  the  Institute  got  any  information,  would  it  send  It  on? 

"Well,  Lindy,  that  little  trick  of  yours  works.  Guess  this  wraps 
it  up."  Weary,  but  beaming,  the  two  men  walked  from  the  lab,  leading  a 
few  others  from  engineering  and  development  to  backs  lap  each  other  and 
carry  the  work  to  its  final  stages  of  incorporation  into  a  precision  in¬ 
strument  . 


.  ..  .  c  ,.o.7  vir.  ■  read  we  have  arrived  at  this 

■-7  /;  -  ,-e  r  why  I  v*as  trying  to  develop  this  particu- 

ia-  material.  Ac  a  lecture  uanv  years  a 30,  a  sturgeon  described  the  pro- 
per  .^ci  j;  a  ..w.-'r_a.  he  wanted  to  have  that  I  thought  could  be  satis¬ 
fied  by  this  alloy,  ho  you  suppose  we  could  new  talk  to  some  people 
who  might  know  whether  this  application  is  still  needed?  And  could  we 
call  this  the  u':  alloy  for  the  surgeon?" 

Howie  was  called,  and  another  search  began,  this  time  emphasizing 
lurgical  applications  that  once  were  no  more  than  a  vision  in  the  mind  of 
a  man  who  thought  to  express  it  in  a  medical  school  lecture.  How  could 
he  have  known  cnat  a  physicist  attended  that  lecture  that  day  who  would 
rind  his  way  to  the  Ponhomme  Institute  m  the jUnited  States  and  that  this 
Institute  would  locate  Dr,  Father  at  the  Marburg  Clinic,  and,  and,  and,... 

I  j 

Fact  or  fiction?  .The  account  above  is  fiction,  but  can  one  say 
it  is  not  reflected  by  fact?  There  are  few  detailed  records  on  how  ideas 
are  Dorn,  c.taru-ed.  embellished,  disseminated,  and  on  h&v  substance  is 
:Kibc.-!  to  inem  .  r nev  become  manifest  in  a  theory  or  a  product.  One 

oi  the  best  re' ores  on  the  paths  traversed  by  ideas  from  inception  to 
fruition  is  tn?  boo/,  written  by  John  Jewkes  and  co-workers  entitled  The 
Sources  of  Invention  (1).  Jewkes  realistically  appraises  the  contexts  in 
which  industrial  innovations  have  been  achieved.  The  text  also  provides 
case  histories  for  51  major  inventions.  One  cannot  finJ,  however,  even 
from  correspc  .dence  and  histories,  the  full  measure  of  happenings  that 
either  permitted  an  idea  to  be  explored  or  to  be  abandoned  (2). 


The  most  fictitious  aspect  of  the  above  account  may  be  that  per¬ 
taining  to  the  information  network  and  services  structure  that  is  des¬ 
cribed.  Many  information  centers  do  exist  in  the  United  States  and 
abroad  (3).  Information  analysis  and  service  operations,  such  as  those 


attributed  to  the  Bonhomme  Institute,  also  exist.  Blit  coordination  among 
these  centers  and  services  and  an  extensive  program  of  Interactive  coop¬ 
eration  do  not  exist.  Vocabularies  differ.  Internal!  methods  of  process¬ 
ing  differ.  Policies  for  external  interaction  differ.  Existing  facili¬ 


ties  are  plagued  to  various  degrees  by  budget  restrictions,  staff  limi¬ 


tations,  acceptance  by  both  management  and  clients,  and  uncertainty  as 


.. .  John  Jewkes,  David  Sawers,  and  Richard  Stillerman.  The  Sources  of  In¬ 
vention  .  London:  MacMillan  6.  Co.,  Ltd.,  1958. 

2.  See  sever- 1  accounts  summarized  in  Ro'.er.a  W.  Swanson.  Information,  An 
Expl0i.tqj,c  Commodity.  Arlington,  Va.:  Air  Force  Office  of  Scientific 
Research,  April  1968.  AFOSR  08-0652;  At) -67 7  ,  197  .  Pages  4-12. 

;  Descriptive  information  for  a  large  number- of  information  systems  in 
the  Ur.iced  .-.cares  is  contained  in  the  publication  Nonconvent ional  Sci¬ 
entific  and  lecnnical.  Information  Systems  in  Current  Use.  Washington, 
1.0.:  Nath.. Science  Foundation,  Dec.  1366.  NSF  66-24.  Available 
from  the  ’J.S.  Ocvt.  Printing  Office,  $1.75.  | 
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Figure  1.  COSATI  Organization  Chart, 

Reproduced  in  Reference  4,  Vol.  I,  from  Progress  of  the  T'nited 
States  Government  in  Scientific  and  Technical  Communication. 
Executive  Office  of  the  President,  Federal  Council  tor  Science 
and  Technology,  1966. 


Information  ic  not  like  the  weather.  It  is  man-made  and,  increas¬ 
ingly,  man  has  been  doing  more  than  merely  talking  about  the  problems  it 
makes  for  him.  Books  and  periodicals  have  beer,  the  usual  vehicles  for 
r  ocording  information.  Libraries  have  been  the  usual  means  for  storing 
according  r_  c order  sc  that  thev  could  be  retrieved. 

As  long  as  the  number  of  records  on  any  given  topic  was  small; 
as  long  as  the  growcn  rate  was  low,  traccaole,  and  relatively  constant; 
as  long  as  the  number  of  people  interested  in  tne  topic  was  small;  as  long 
as  communication  among  them  could  be  accomplished  by  correspondence  and 
long  time  delays  were  tolerable,  libraries  were  adequate  to  serve  informa- 
ion  needs.  True,  it  iwould  have  been  helpful  to  geneticists  if  Mendel's 
paper,  buried  in  an  obscure  journal,  could  ha \rc  leer,  more  widely  publi¬ 
cized.  Historians  of  science  have  traced  similar  instances.  These  are  the 
isolated,  dramatic  examples  of  the  inadequacies  of  libraries  as  storage 
and  dissemination  mechanisms.  But  are  they  so  isolated?  Might  the  growth 
of  scientific  progress,  industrial  development,  and  jwestern  civilization 
p id  expansion  have  been  greater  ana  its  pattern  even'  different  with  better 
uechods  of  packaging  and  disseminating  information? 

| 

The  two  World  Wars  of  this  century  catapulted-  most  of  the  major 
combatants  into  the  present  era  of  scientific  exploration  and  technologi¬ 
cal  development,  Part  of  doing  science  has  always  been  the  publication 
o "  results.  Though  systems  for  storing  and  retrieving  these  results  may 
not  yet  be  generally  accepted  by  the  scientific  community,  or  by  anyone 
else,  as  part  of  doing  science,  the  exponential  growth  of  publication  has 
forced  the  development  of  methods  for  storage  and  retrieval. 

The  largely  unorganized,  undirected  proliferation  of  storage  and  re¬ 
trieval  activities  during  the  past  twenty  years  is,  itself,  a  phenomenon 
*  f  the  present  era.  The  United  States  has  undertaken  to  apply  some  measure 
f  scientific  inquiry  to  the  national-scale  implications  of  this  phenomenon 
through  the  Committee  cn  Scientific  and  Technical  Information  (COSATI) , 
established  in  1962  by  the  Federal  Council  for  Science  and  Technology, 
COSATI,  in  turn,  formed  a  number  of  pane  16  and  task  groups  to  study  various 
information  storage-and-retrieval  problem  areas  (see  Figure  1). 

The  COSATI  Task  Group  on  National  System(s)  for  Scientific  and  Tech¬ 
nical  Information,  cnartered  in  1964,  has  sponsored  several  studies  of  fac¬ 
tors  relevant  to  information  system  structures .  One  of  these,  conducted  by 
science  Coraraun tea clou,  Inc.  (SCI),  Washington,  C. .  C,  (liowiMcLean,  Va.),  is 
entitled  Study  _of  _S c  ientlf  ic  a i.d  Technical  Pat n_  A ctivifeiel  In  the  United 
States .  issued  in  April  1968.  In  three  volumes,  this  teport  both  surveys  a 
wide  variety  of  scientific  and  technical  data  activities  in  industry,  the 
professions,  and  ?  rr.ment ,  and  presents,  with  mv..h  background  discussion. 


\  T 


a  plan  for  further  study  and  imp  It  men  tat  l  on  of  national  data  system  con 
cepts  (4). 


The  comprehensiveness  of  Volume  II  (bound  in  two  reports)  of  the 
bCI  study  obviates  the  need  to  describe,  here,  various  national  and  spe¬ 
cial  information  centers  and  systems,  how  they  interact,  and  how  they 
attempt  to  serve  various  communities  of  users  (5),.  Rather,  an  attempt  is 
made  here  to  distill  some  of  the  essence  of  what  the  SCI  investigators 
learned  from  the  designers,  operators,  and  users  of  the  systems  that  bears 
on  the  questions:  What  do  we  do  with  what  we've  got?  Where  do  we  go  from 
here?  I  } 


At  an  over-all  level,  SCI  has  found  that 


organizational 


Lsring 

structures  and  human  competencies  are  over-extendedi in  terms  of  their 
abilities  to  effectively  accommodate  evolving  data  management  and  data 
handling  needs.  In  addition, j alleviation  of  this  situation  does  not  appear 
imminent,  for  only  now  are  the  Individuals  and  organizations  affected  be¬ 
ginning  to  recognize  the  gravity  of  the  situation.  To  date,  attempts  to 
improve  data  management  and  data  handling  operations  have  been  rendered 
largely  Ineffectual  due  to  crisis-type  actions  and  piecemeal  approaches 
to  broad  problems.  Significant  improvements  cannot  be  expected  until 
needs  are  better  defined,  organizational  responsibilities  are  identified 
and  accepted,  and  increased  funds  are  made  available  to  support  the  effort 
required  to  alleviate  existing  problems”  (6). 


•> 


Prevalent  problem  areas  include  chose  pertaining  to  personnel,  fin¬ 
ances,  equipment,  administration,  input  data,  and  coordination.  The  need 
for  both  systems-  and  subject-oriented  personnel  appears  one  of  the  most 
crucial.  People  are  needed  who  combine  talents  of  both  types.  Adequate 
training  programs,  both  stop -gap  and  long  range,  have  yet  to  be  developed. 
High  costs  of  equipment,  computer  services,  and  space  for  housing  computer 
facilities  are  compounded  by  current  budget  squeezes.  Opinions  differ  on 


4.  Study  of  Scientific  and  Technical  Data  Activities  in  the  United  States. 
Volume  I  -  Plan  For  Stjdy  ar.d  Implementation  of  National  Data  System 
Concepts.  Volume  II,  Paris  A  and  B  -f Preliminary  Census  of  Scientific 
and  Technical  Data  Activities.  Volume  II,  Part  Cl-  Preliminary  Census 
of  Scientific  and  Technical  Data  Activities.  Final  Report,  AkPA  Order 
No.  842,  Contract  V 44620-67 -C -0022 ,  April  1968.  AFOSR  68-1403,  parts 
1,  2,  and  3;  AD-670, 60b,  AD-670, 607  ,  AD-670, 608,  respectively. 

f 

5.  Many  other  papers  and  report?  also  contain  descriptions  of  centers  and 
systems.  Some  of  these  are  cited  in  the  "Selected  Reading  List"  in 
Vol.  I  of  the  SCI  report.  References  2  and  3  above  are  also  sources  for 
descriptions.  Systems  being  developed  by  libraries  are  summarized  by 
the  author  in  Move  The  Information  ...  A  Kind  of  Missionary  Spirit. 
Arlington,  Va.:  Air  Forcfe  Office  of  Scientific  Research,  .Tune  1967. 

AFOSR  67-1247  ;  AD-657, 79^.  1 

6.  Reference  4,  Vol.  II,  Tarts  A  and  B,  p.'364. 
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future  sources  of  funds,  some  suggesting  the  federal  government,  others 
state  governments  or  service  users.  The  unreliability  of  computer  equip¬ 
ment  for  continuous  on-line  operations  has  necessitated  backup  systems 
and  discouraged  some  experimentation.  Few  simple  interpretive  programs 
and  languages  exist  that  can  be  easily  learned  by  users,  thereby  also 
slowing  experimentation  and  direct  interaction  by  non-programmer  users 
and  systems  personnel.  Few  program  and  hardware  configurations  exist 
that  enable  a  remote  user,  at  his  discretion,  to  work  with  files  in  a 
batch  or  computing  mode  or  in  conversational  interaction.  Many  users 
need  the  capability  of  being  able  to  work  with  a  large  variety  of  analog 
data  and  of  being  able  to  obtain  transformations  from  analog  to  digital 
form.  Many  administrators  who  control  budgets  are  not  well  informed  on 
the  value  of  systems  and  cost  and  oersonnel  recr  ‘rpmo"!"  u^ers  ate 

critical  of  the  quality  of  the  data  in  the  systems.  Lack  of  coordination 
of  systems,  sometimes  even  within  a  given  institution,  has  produced  dupli¬ 
cation  of  effort,  gaps  in  coverage,  confusion  to  users,  and  skepticism 
that  the  morass  can  be  resolved. 

Approximately  100  issues  were  identified  by  SCI  and  are  individu¬ 
ally  examined  in  the  following  five  categories:  (a)  data  management  and 
handling  system  requirements,  (b)  data  packaging,  (c)  data  handling  equip¬ 
ment,  (dj  personnel  capabilities,  and  (e)  institutional  roles.  For  each 
gror, ing,  panels  of  experts,  totaling  300,  provided  their  assessments. 
Discussions  in  the  SCI  study  summarize  these  viewpoints.  The  comments  in 
their  entirety  indicate,  to  SCI,  "the  complexity  and  limited  level  of 
knowledge  which  currently  exists  concerning  requirements  for  data  manage¬ 
ment  on  a  national  scale,  and  tue  data  handling  systems  which  would  be 
responsive  to  these  requirements"  (7). 

Though  the  import  of  the  SCI  study  is  that  inadequate  knowledge  of 
user  requirements  and  the  reluctance  of  or ganizat tons  and  individual  :  to 
enter  cooperative  arrangements  to  alleviate  common  information  problems 
aie  major  deterrents,  operational  information  systems  and  networks  are 
-ractical  poss . bi 1 i t les .  The  study  predicts:  "Radical  changes  in  data 
handling  systems  probably  will  not  occur  quickly  simply  because  system 
designers  do  not  know  precisely  the  data  service  need3  of  scientists  and 
technologists.  In  addition,  even  when  service  requirements  are  well  de¬ 
fined,  the  system  designer  does  not  yet  know  how  to  eitectlvely  match  data 
handling  equipments  and  methods  to  data  service  requirements.  Quite  like¬ 
ly  new  data  handling  systems  will  be  Introduced  in  an  evolutionary  fashion 
with  the  computer  first  used  as  an  aid  tor  structuring,  storing  and  for¬ 
matting  data  for  distribution  in  conventional  forms  Knowledge  gained 
trom  such  experience  will  then  be  applied  to  implementation  ot  more  highly 
automated  systems  including  query  processing  capabilities  Similarly 
computer  techniques  which  are  already  widely  used  m  design  and  other  data 
manipulation  operations  at  the  woi  k  station  of  the  scientist  or  technolo¬ 
gist  will  continue  to  be  re  fired  and  expanded  In  application.  It,  there- 
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fore,  does  not  appear  unreasonable  to  anticipate  a  future  merger  of  data 
handling  systems  to  serve  all  of  the  scientist's  or  technologist's  data 
handling  needs,  both  archival  and  day-to-day  manipulation.  At  least 
this  possibility  provides  a  future  frame  of  reference  which  possibly  can 
guide  data  handling  system  development  efforts"  (8). 

The  SCI  study  proposes  a  4-phase  plan  for  implementation  over  a 
six-year  period  (see  Figure  2).  The  plan  Is  consonant  with  COSATI'a  recog¬ 
nition  that  there  be  no  disruption  of  existing  information  operations  and 
that  account  be  taken  of  the  widely  differing  capabilities  of  existing  sys¬ 
tems  and  realities  of  funding,  long-established  practices,  rapid  changes 
in  information  technology,  and  differing  needs  of  the  various  segments  of 
the  user  communities.  Moreover,  the  Government  can  only  encourage,  not 
direct,  private  activities,  to  join  in  a  national  undertaking.  The  plan 
is  called  a  "preliminary  blueprint"  for  establishing  a  National  Scientific 
and  Technical  Data  Program. 

Under  the  plan,  SCI  envisions  a  one-year  Phase  I  for  organization 
that  would  include  the  formation  of  a  Scientific  Data  Program  Office  in 
the  National  Science  Foundation,  a  Technical  Data  Program  Office  in  the 
Department  of  Commerce,  a  Data  Systems  Technical  Information  Center  to 
support  the  program,  and  a  National  Advisory  Council  for  Scientific  and 
Technical  Data  whose  panels  would  provide  input  for  the  program  plan. 

A  two-year  Phase  II  is  specified  for  critically  reviewing  the  requirements 
for  data  management  and  data  handling  systems  at  local  and  national  levels, 
and  for  conducting  development  and  prototype  tests  to  determine  the  ade¬ 
quacy  of  equipment  and  methods  for  meeting  management  and  handling  re¬ 
quirements.  A  three-year  Phase  III  contemplates  the  development  and  test¬ 
ing  of  methods  and  facilities  for  serving  the  data  handling  needs  of  spe¬ 
cific  communities.  It  anticipates  that  several  systems  will  be  under  de¬ 
velopment  concurrently  and  will  diffet  substantially  as  to  structure  and 
function,  some  being  centralized  and  others  decentralized  dependent  on 
the  needs  of  the  community  to  be  served.  Standardization  efforts  are  ex¬ 
pected  during  this  period  so  that  the  various  systems  can  be  compatible. 
Though  this  development  phase  is  expected  to  be  evolutionary  for  specific 
scientific  and  technical  communities,  increasing  integration  within  fed¬ 
eral  agencies  is  foreseen  for  general-purpose  data  collection.  The  oper¬ 
ational  Phase  IV  should  increasingly  involve  non- government  organizations 
that  are  expected  to  voluntarily  participate  in  the  program. 

Whether  or  not  SCI's  plan  is  adopted  in  whole  lor  in  part,  the  fac¬ 
tual  portion  of  its  survey  should  be  highly  beneficial  to  all  individuals 
and  groups  concerned  with  any  aspect  of  information  System  design,  opera¬ 
tion,  or  use.  This  author  concurs  with  SCI's  conclusions,  considers 
them  factual,  and  believes  that  SCI's  recommendations  are  realistic. 

(See  the  Appendix  to  this  paper  which  lists  the  major  conclusions  and 
recommendations  contained  in  the  SCI  report.) 

8.  Reference  4,  Vol,  I.  p  .  IV-4.  —  — 
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activities.  Notewortn>  is  the  degree  of  international  collaboration 
through  both  formal  agreements  and  informal  arrangements.  The  Ispra 
Code  Center  (NCt),  the  Argonnt  Code  Center  (ACC),  and  tne  Radiation 
Shielding  Information  Center  (RSIC),  for  example,  have  been  exchanging 
computer  programs  for  several  years.  CINDA,  an  annotated  bibliography 
of  neutron  cross-section  information,  is  published  by  the  Oak  Ridge  Di¬ 
vision  of  Technical  Information  Extension  (DTIE)  from  input  provided  by, 
among  others,  the  Neutron  Data  Compilation  Center  (NDCC)  in  France,  the 
Nuclear  Data  Unit  of  the  International  Atomic  Energy  Agency  (IAEA)  in 
Vienna,  and  the  U.S.S.R.  Nuclear  Data  Information  Center.  A  high  degree 
of  information  exchange  exists  in  this  community  among  data  generators 
and  users  and  information  system  personnel.  Though  the  performance  of 
this  community  is,  no  doubt,  based  on  its  being  one  of  the  oldest  (25 
years),  best  integrated,  best  sponsored,  and  technologically  most  ad¬ 
vanced  networks,  its  existence  reinforces  projections  for  the  successful 
realization  of  other  complex  networks. 


information  Flow 


Too  frequently  overlooked  in  discussions  of  information  systems  is 
the  most  important  element  of  all,  the  man  in  the  system.  Even  in  sys¬ 
tems  where  computers  "talk"  to  computers,  a  man  at  some  point  triggered 
the  "conversation"  for  an  ultimately  man-desired  purpose.  The  man  in  the 
system  is  more  than  a  statistic,  either  as  a  member  of  the  system  staff  or 
as  a  producer  or  user  of  information.  Awareness  of  the  need  to  understand 
how  man  cognitively  processes  information  as  well  as  his  characteristics 
as  a  communicator  and  his  motivations  as  a  producer  and  generator  is  only 
gradually  entering  the  information  systems  context,  though  these  have  long 
been  subjects  of  investigation  of  behavioral  and  social  scientists. 

A  beginning  on  studies  of  the  man  in  the  system  is  evident  in  lit¬ 
erature  on  information  flow  and  transfer,  user  needs,  and  evaluations  of 
systems.  The  author  has  reviewed  some  of  this  work  elsewhere  (11).  Not¬ 
able  among  recent  investigations  is  the  comprehensive  Evaluation  of  the 
Medlars  Demand  Search  Service  conducted  by  F.  W.  Lancaster  (12).  Findings 
can  be  rel£ted  to  the  performance  of  a  large  variety  of  types  of  people 
who  directly  or  indirectly  influence  an  information  system.  For  example, 
lack  of  consistency  and  the  omission  of  terms  by  human  indexers  suggest  to 
Lancaster  tools  to  assist  them  and  possible  modifications  in  methods  of 


11.  Information  flow  studies  are  considered  in  Reference  2,  user  needs  in 
Reference  5. 

12.  F.  W.  Lancaster.  Evaluation  of  the  Medlars  Demand  Search  Service. 
Bethesda,  Md . :  National  Library  of  Medicine,  Jan.  1968.  See  also: 
Madeline  M.  Henderson.  Evaluation  of  Information  Systems:  A  Selected 
Bibliography  with  Informative  Abstracts.  Washington,  D.C.:  National 
Bureau  of  Standards,  Dec,  1967.  NBS  Technical  Note  297.  Available 
from  U.S.  Govt.  Printing  Office,  SI. 90. 
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vocabulary  devt-  iopment .  comprehension  failures  were  observed  at  the  user- 
information  service  personnel  interface.  The  best  request  statements 
that  clearly  reflected  user  needs  were  those  written  by  the  user  in  his 
own,  natural  language,  narrative  terms,  not  those  that  were  paraphrased 

and  recorded  by  system  personnel  or  translated  by  them  or  by  the  users 

into  their  concepts  of  the  system  vocabulary.  On  the  other  hand,  educa¬ 
tion  of  the  user  seems  necessary  to  condition  him  to  be  precise  in  stat¬ 

ing  his  neea  with,  preferably,  his  tolerances  and  some  background  on  what 
'“is  need  is  for.  A  summary,  however,  cannot  do  justice  to  Lancaster's  de¬ 
tailed  account  and  analysis. 

The  literature  on  people  as  information  transfer  agents  or  "brokers 
mediating  between  information  systems  and  users  will  probably  be  enriched 
soon  by  publications  sponsored  by  the  Office  of  State  Technical  Services 
(OSTS),  U.S.  Department  of  Commerce.  The  OSTS  is  charged,  under  the  State 
Technical  Services  Act  of  1965,  with  the  administration  of  a  national 
State  and  interstate  technical  services  program  that  promotes  the  appli¬ 
cation  of  research  results  in  business,  commerce,  and  industry.  OSTS  pro¬ 
jects  are  coping  with  problems  people  encounter  in  trying  to  discover  user 
needs  and  match  available  knowledge  with,  individuals  who  need  it.  One 
hopes  that  some  OSTS  contractors  are  considering  the  behavioral  aspects  of 
the  information  flow  and  transfer  process. 

Several  charts  in  the  Science  Communication  survey  provide  self- 
explanatory  illustrations  of  the  information-rich  environments  people  work 
in  (see  Figures  4,  5,  6,  and  1).  'ihese  bear  evidence  that  "keeping  up 
with  the  literature"  is  an  impossible  euphemism.  Experiments  involving 
eve  and  car  inputs  and  vocal  or  pointing  outputs  give  values  for  human 
information  processing  rates  of  6  to  65  bits/sec.,  even  though  the  ear  and 
the  eye,  respectively,  have  channel  capacities  of  8,000-10,000  bits/sec. 
and  5,000,000  bits /sec .  (13).  It  has  been  suggested  that  "a  theory  of 
memory  that  is  based  on  mechanisms  that  store  events  is  not  only  uneconom¬ 
ical  bordering  on  the  impossible,  but  also  is  incapable  of  explaining  the 
most  primitive  types  of  behavior  in  living  organisms  that  show  one  or  an¬ 
other  form  ol  retention"  i  14  t .  A  reasonable  postulate  is  that  humans 
accomplish  information  proee.-.>ing  through  powerlul  method-,  of  classifica¬ 
tion  and  abstraction.  An  uppi  r  bound  ol  10“*^  bits/g/sec.  has  been  compu¬ 
ted  for  the  transmission  capability  of  matter.  iecau.sc>  of  this  limit, 

Ross  Ashby  negates  hypotheses  that  man's  brain  abstracts  through  sequen¬ 
tial  operations  that  use  primary  sense  data  as  the  initial  input  (15). 

He  also  cautions  that  this  limit  imposes  restrictions  on  realizable  net- 

15.  James  L.  f  lnnagan.  Speech  Analysis,  Synthesis  and  1‘ercep lion.  Berlin 
Spr i nget -V <r lag.  1965. 

14.  Heinz  von  hoerster.  "Computation  m  Neural  Nets.”  Currents  in  Modern 
Biology ,  vol.  1  (  19o7 )  47-9J,  at  91-9J. 

15.  W.  Ross  Ashby.  "Mathematical  Models  and  Computer  Analysis  of  the  Func 

l  ion  of  the  Central  N»  r\  ous  Sy:-.U:n."  Ai-.-..;,* !  Review  ,.f  Physiology ,  vol 
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works  of  mecnamcai  uranic.  He  exemp  1 i 1  its  roe  seriousness  of  exponen¬ 
tial  growth  with  an  niustratLcn  in  wnici.  a  uillerence  of  10  from  10^  to 
10^®  search  operations  is  the  different,  e  between  a  computation  requiring 
3  million  years  and  one  performable  in  a  motning. 

These  inroads  toward  an  understanding  of  physical,  physiological, 
and  behavioral  potentials  and  limitations  are  little  more  than  surface 
scratches.  More  studies  are  needed  that  are  Doth  systematic  and  directly 
related  to  the  goals  of  coping  with  man  s  information  environments  and  of 
adapting  systems  to  men  and  men  to  systems.  Penc i  1  -and -paper ,  "demonstra¬ 
tion,"  and  "feasibility"  studies  should  no  longer  be  ends  in  themselves, 
but  steps  to  applications  tor  opera  ting  systems.  It  is  not  sufficient 
that  investigations  be  made  solely  of  existing  conditions,  as  many  of  the 
information  flow  studies  have  done.  Ihest  sr.ouid  be  recognized  by  inves¬ 
tigators  and  sponsors  alike  as  only  providing  case  lines  against  which 
tests  ol  realistic  duration  and  scope  must  be  made  of  the  effects  of  modi¬ 
fications  and  changes.  The  SCI  survey,  for  example,  discloses  that  vol¬ 
ume  needs  vary  with  categories  of  data  and  with  types  oi  data  processing 
(see  Figures  8  and  9).  How  might  quantification  of  these  loadings  sim¬ 
plify  the  data  processing  requirements  of  some  systems'  Might  this  stra¬ 
tification  be  useful  in  designing  efficient  data  compression  schemes? 

What  flexibilities  can  be  built  into  operating  systems  line  Medlars  that 
could  permit  the  study  of  small  or  appreciate  ,nar.ges  m  vocabulary 
structure,  computer  programs,  and  duties  of  systems  personnel?  What  ma¬ 
thematical  modeling  is  being  done  to  avoid  large-number  pitfalls  in  com¬ 
plex  information  processing’ 

n  ma  lor  distinction  between  inf  or::. at  i  on  >vstems  and  conventional 
libraries  is,  nr  should  b,  ,  the  dynamic  nature  both  of  its  services  and 
its  structure  Woeteus  libraries  are  passive  repositories ,  information 
systems  are  suppost  d  to  be  active  intt  r  faces  betw«tr.  producers  and  con¬ 
sumers  (producers,  of  tours,  ,  also  bt  ing  c  or  -  urr.i  t  s  ,  and  vict  versa). 

Flow  and  evaluation  -.tobies  have  shown  that  -vs terns  have  not  been 
.i,  corded  tin-  •••.s<r  a, ,  t  plan,  e  they  exploit,!  lot  ..  mi  n  tv  ot  reasons, 
mans  of  wh  i ,  b.  car.  bi  tra, « d  to  charac  teti-t'o  of  human  behavior.  Where¬ 
as  Ifhr.ttv  operation-  ,  an  t  emain  largely  the  ex,  5  >ive  province  of  libra¬ 
rians,  no  licit  uni  <p  n  in  -  s  id  ha  res  to  mi  >rmnt  ton  -vs;  m  operations.  The 
i  ntitv  ”  int  ormat  :oti  svsteir  '  and,  mn  mor«  so,  ;  in  i  nt  itv  "it.  format  ion 
systems  m(  v.'ik,"  r«  quirt  t  tu« ;  t  !;«•>«•  he  «  >msnot:  nut-!  ,  ng  grounds  :  or  the 
m..  v  di  I  Cerent  tvp»  s  ot  ;  t  apit  wh.o  hi  iiittgt.il  parts  ot  the  producer -- 
system  i  n»  tver*  »  -  -  ii.>t  r  loop.  ,'r!v  through  i  r.n  r.-n  t  l  on  t  an  these  be  m- 
t  ormat  ion  system  opt  to'  •  »n»  .  *  iru  ha-  N  t  ii  tu  eUe-i  it'  make  iiueruepen- 

dtneie-  obvious .  Noe  i  -  the  t  ime  to  share  know  led  gr  po-'l  talents,  and 
engage  in  mnovat  :o  th  .mtini;  i  I  ir. ;  ormat  ion  i  ■  tv  b»-  what  it  is  intended 
t  o  he  --  a  too!  in  tht  -,  rvi,<  o!  mankind  . 
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THEORETICAL  SIMULATION  of  DATA  FROM  TWO  or  MORE  DISCIPLINES 


MAJOR  CONCLUSIONS  AND  RECOMMENDATIONS 
Contained  In 


STUDY  OF  SCIENTIFIC  AND  TECHNICAL  DATA  ACTIVITIES  IN  THE  UNITED  STATES 
Science  Coninunication,  Inc,,  Washington,  D.  C.  (now,  McLean,  Virginia) 
Final  Report,  Contract  F44620-67-C-0022;  30  April  1966j  AFOSR  6S-1403, 
pt.  1\  AD  670,606.  _ 


A.  SCIENTIFIC  AND  TECHNICAL  DATA  -  PERSPECTIVES  AND  POLICY  IMPLICATIONS 

J,  CONCLUSION:  The  utility  of  cur  national  scientific  and  technical  data 
resource  can  be  substantially  increased  by  improved  management. 

KtCOMMtNlMTlL’N:  The  Executive  Office  of  the  President  should  issue  a 
policy  3tate?»ent  establishing  the  objectives  of  a  national  program  to 
improve  the  management  of  scientific  and  technical  data  activities  within 
government,  the  professions,  and  industry. 

2.  CONCLUSION:  No  effective  means  currently  exists  fo'*  coordinating  and 
integrating  the  data  management  and  data  handling  activities  of  the  gov- 
err.wental,  professional,  and  industrial  sectors  of  science  and  technology. 

KtCuiAiLNoAT  ION:  A  National  Advisory  Council  for  scientific  and  Tech¬ 
nical  Data  should  be  established. 

j.  CONCLUSION:  Scientific  and  technical  data  and  data  activities  are 
exceedingly  eompleoc:  national  data  programs  and  system  development  efforts 
must  be  capable  of  effectively  recognising  and  accommodating  this  complexity. 

Kt-CUUIL/ViMT  loN:  National  data  programs  ami  related  policies  must  be 
Implemented  with  due  consideration  of  the  diverse  types  of  data  activities 
which  are  conducted  as  an  integral  and  vital  part  of  science  and  technology. 

4.  LuNCLublDN:  The  full  utility  of  scientific  and  technical  data  is  not 
currently  realised  under  existing  data  management  and  data  handling  policies. 

klCummlNUA I I  on:  Each  scientific  or  technical  community,  including 
mission-oriented  agencies,  should  reappraise  its  current  procedures  for 
managing  and  handling  scientific  and  technical  data,  especially  in  regard 
to  their  adequacy  for  conservation  of  the  data  as  a  costly  and  potentially 
reusable  resource. 

5.  l\,N(..LU6it’N:  There  is  inadequate  knowledge  concerning  the  nature  (quan¬ 
tity,  quality,  location,  ownership,  usefulness,  etc.)  of  existing  scien¬ 
tific  and  technical  data  to  permit  optimum  design  of  national  data  manage¬ 
ment  programs  or  data  handling  systems. 

KlLUIAD NDAIIDn:  A  National  Index  of  Scientific  and  Technical  Data 
should  be  enveloped.  Such  an  index  is  essential  if  data  management  is  to 
be  planned  on  a  systematic  basis.  Also,  such  an  index  would  be  immediately 
useful  to  scientists  and  teconologists  who  cu> rently  expend  as  much  as 
of  their  working  hours  searching  for  da**  to  perform  their  iob. 


o,  Ct.M'CluilOfc:  Federal  policy  relative  to  scientific  end  technical  data 
management  Must  recognize  and  facilitate  maximum  use  of  the  existing 
scientific  and  technical  data  resource. 

fiLCc'MMLiWAl  I  Oh:  The  Federal  Government  should  establish  a  policy  to 
encourage  the  accessibility  of  scientific  and  technical  data  to  ss  many 
potential  users  as  possible. 

7.  Co'hClUMllV:  As  data  handling  becomes  increasingly  automated,  the  need 
for  standardization  of  data  handling  methods  will  become  increasingly 
important  to  the  National  Gcientific  and  Technical  Data  Program. 

^tCUuMtiViMTiO'ra:  The  Federal  Government  should  take  action  to  assure 
development  and  application  of  standardized  methods  of  handling  basic 
scientific  data,  especially  those  automated  methods  broadly  applicable 
to  d«ta  systems  in  more  than  one  field  of  research. 

a.  COnCLL^IVn'-  The  diverse  connotations  assigned  by  different  communities, 
organizations ,  and  individuals  to  scientific  and  technical  data,  data 
artifacts,  and  data  management  and  handling  efforts  constitute  severe 
barriers  to  systematic  planning  and  evaluation. 

tii-COMMcNVAl  IcN:  The  Committee  on  Scientific  and  Technical  Information 
(COSATI)  should  promulgate  a  set  of  definitions  which  delineate  an  inter¬ 
nally  consistent  set  of  terms  covering  scientific  and  technical  data  acti¬ 
vities. 

i.  COhC LUblOh:  Just  as  science  is  international ,  scientific  and  technical 
data  activity  is  often  international  in  scope. 

k£.Ci/to,Ml.VAl  ioJS>:  Offices  in  t-ha  Federal  Government  designated  as  res¬ 
ponsible  for  representing  U.S.  interests  in  the  area  of  international  data 
activities  shoulo  be  strengthened  not  only  to  permit  them  to  better  repre¬ 
sent  U.S.  interests,  but  also  to  enable  them  to  establish  better  communi¬ 
cations  and  working  relationships  with  on-going  activities  in  the  U.S. 


3,  CURRENT  ISSUES  AND  PROBLEMS  -  NATURE  AND  POSSIBLE  RESOLUTIONS 

I,  CthCL ublDNi  The  inadequacy  of  classifical  methods  for  structuring  and 
communicating  scientific  and  technical  data  in  current  working  contexts 
has  created  unnecessary  apprehension. 

(\tu  .MMliWAT  it\:  The  currently  evolving  expressions  of  need  for  large- 
scale  scientific  and  technical  data  handling  systems  should  be  viewed  as 
a  response  to  opportunity,  not  an  act  of  desperation  to  avoid  inundation 
by  the  flood  of  data, 

t.  Cl/. A.  LPSltw:  Current  research  and  development  administration,  especially 
within  Federally  sponsored  urograms,  frequently  gives  preferential  consid¬ 
eration  to  research  and  development  to  generate  scientific  and  technical 
data  over  activities  directed  to  assembly,  evaluation,  and  application  of 
exlstine  data. 

KktM.Mt.VAI  U Each  Federal  research  and  development  program  should 
be  required  to  allocate  a  minimum  Percentage  of  its  budget  to  husbandry 
and  conservation  of  the  scientific  or  technical  data  generated  by  the  program. 


i.  CGNCLu^lUk:  Although  essentially  the  same  problems  are  observed  in 
data  handling  activities  in  the  different  fields  of  science  and  techno¬ 
logy,  no  mechanists  r.ow  exists  for  the  coordination  of  efforts  toward 
solution  of  these  problems. 

KtCUMMLWAl  llhi  The  Federal  Government  should  establish  an  informa¬ 
tion  center  tc  serve  as  e  depository  and  dissemination  agency  for  infor¬ 
mation  dealing  with  design,  develooment,  operation  and  management  of 
scientific  and  technical,  data  systems. 

CtNCUjill'h:  Current  data  service  requirements  are  largely  undefined. 

t\LCiMWt.Ait)A7 luH:  Existing  data  service  centers  such  as  the  national 
Oceanographic  Data  Center  and  national  Gpsce  sciences  Dat<*  Center,  and 
new  prototype  dst*  resource  centers,  should  be  used  as  test  beds  to  study 
data  service  needs. 

5.  CCHCLU^lOk:  Current  scientific  and  technical  handling  practices  do 
not  fully  employ  available  technologies. 

KLCi/MML.WAI  JviV:  The  Federal  'Government,  professional  societies, 
trade  associations,  commercial  publishers,  and  other  collectors  and 
disseminators  of  scien'fic  and  technical  data  should  explore  means  of 
applying  modern  technology  for  mere  effective  assembly  and  dissemination 
of  scientific  and  technical  data. 

o.  CCUCLUSlOi'J:  The  lag  time  between  data  generation  and  dissemination 
using  traditional  publications  is  frequently  from  two  to  five  years. 

tftCc'MMiWAT  IC\:  Programs  should  be  developed  to  more  directly  couple 
experimentation,  tests,  etc.,  with  data  systems. 

7,  COhCLUblON:  Although  the  total  investment  applied  to  generation  of 
data  concerning  products  and  processes  far  exceeds  that  applied  to  genera¬ 
tion  of  basic  scientific  data,  inadequate  effort  is  expended  by  the  federal 
Government  to  organize  this  data  for  secondary  uses. 

KlCCMMLNiMT lVN:  Current  efforts,  such  as  the  Department  of  Defense 
Engineering  File,  should  be  substantially  accelerated,  and  other  equip¬ 
ment  development  agencies  without,  such  systems  should  initiate  study  of 
their  feasibility. 


C.  GYSTEMd  DEVELOPMENT  -  'dEGUlHENSMG  Mu  IMLEMEhTATIOh  CONCEPTS 

I  ,  ClkCLUulGM  It  cannot  be  expected  that  existing  groups  will  cooperate 
in  efforts  to  develop  national  systems  where  the  purpose  is  intangible 
or  Federal  domination  might  restrict  the  legitimate  freedoms  of  scienti¬ 
fic  groups,  commercial  firms,  etc. 

KU' l:\iMLWA1  10h:  A  National  Scientific  and  Technical  Data  Program 
must  be  planned  and  administered  in  a  manner  which  accommodates  the  in¬ 
terests  and  capabilities  of  diverse  groups  and  organizations. 


I .  CONCLUSION:  The  inability  to  define  a  single  system  structure  respon¬ 
sive  to  all  data  management  and  data  handling  requirements  does  not  con¬ 
stitute  a  valid  justification  for  delaying  consideration  of  new  or  im¬ 
proved  data  systems. 

liLCOMMLNUAl  Ion:  The  present  should  be  recognized  as  a  timely  point 
for  initiation  of  national  systems  planning  and  development  efforts. 

j.  CONCLUSION:  Data  management  is  in  a  state  of  transition  which  is  being 
driven  largely  by  the  introduction  of  computer  and  other  improved  data 
handling  methods. 

RLCUWLVAJ  ION:  In  the  near  future,  efforts  at  the  national  level 
should  be  directed  toward  the  development  and  test  of  systems  or  tools  to 
facilitate  better  data  management. 

CONCLUSION:  The  most  valid  requirements  for  development  of  national 
scale  data  handling  systems  exist  for  systems  operating  within  scientific 
and  technical  communities  rather  than  between  communities. 

KLCuMMlNDAriCh:  National  data  system  development  efforts  should  be 
focused  on  Individual  communities. 

o,  CONCLUSION:  Data  handling  systems  are  tools  to  facile. ate  data  manage¬ 
ment. 

►cLCDMMINDAI  ION:  The  total  data  management  requirements  of  a  community 
to  be  served  should  be  examined  prior  to  implementation  of  data  handling 
systems  a3  part  of  the  National  Scientific  and  Technical  Data  Frogram. 

o,  CoNlLUSlON:  National  scientific  and  technical  data  system  development 
efforts  must  consider  not  only  the  scientific  or  technical  field  to  be 
served  by  the  system,  but  also  the  specific  type  or  phase  of  activity  to 
be  served. 

KLv.oMMf.hD  A I  ION:  rederai  support  of  national  scientific  and  technical 
data  programs  and  systems  should  be  pro-rated  according  to  the  type  of 
data  activity  served  and  the  stage  of  the  data  program  or  system. 

7.  CONCLUSION:  To  be  effective,  data  service  operations  must  be  comple¬ 
mentary  to  the  normal  work  routines  of  the  scientist  or  technologist. 

KlCo.'ImINuA  .  ioh:  A  part  of  the  National  ‘  ‘  ~  and  Technical  Data 

Frogram  should  be  the  development  of  integrate  resource  and  service 

centers . 

i .  ConCLuSIon:  Data  systems  complement  other  information  systems;  however, 
it  is  short-sighted  to  view  data  systems  as  simple  extensions  of  document 
handling  systems. 

Kti'cMtoLiVA i  It .j:  Data  management  and  handling  systems  in  their  ultimate 
form  should  be  viewed  ss  providing  a  capability  for  a  totally  new  level 
of  interaction  between  *h»  scientist  or  technologist,  and  the  accumulated 
data  resource. 


D.  STSTEMS  CAPABILITIES  -  ASSESSMENTS  AND  REMEDIAL  ACTIONS 


I.  CCMCLlIsIOn:  Current  research  and  development  directed  specifically 
to  study  of  critical  factors  important  to  develop  large-scale  scientific 
and  technical  data  handling  systems  is  totally  inadequate. 

RLCOMMtWAT  ICh:  The  Federal  Government  should  budget  at  least  one- 
tenth  of  one  percent  of  its  total  annual  expenditure  on  research  and  de¬ 
velopment  for  research  on  techniques  and  procedures  for  managing  and 
handling  scientific  and  technical  data. 

i,  COhCLdslutr.  Current  personnel  and  institutional  capabilities  are  not 
adequate  to  support  a  crash  program  to  develop  a  national  scope  scienti¬ 
fic  and  technical  data  handling  system. 

ktCUtMliVeTJuv:  Information  and  data  managers  should  be  developed 
from  two  sources  -  one  is  the  currant  population  of  working  scientists, 
engineers,  data  processing  specialists,  etc.:  the  second  is  the  current 
and  future  population  of  students  in  colleges  and  universities. 

i,  CCNtlUilpW:  Although  data  switching  networks  and  computers  are  fre¬ 
quently  mentioned  in  juxtaposition  to  one  another,  automated  data  service 
networks,  for  all  practical  purposes,  do  not  currently  exist  within  science 
and  technology. 

KlCUMMlNlMT I IN:  Appropriate  organizations  should  test  the  effectiveness 
of  centrally  supported,  decentralized  data  resource  centers  as  an  alter¬ 
native  systems  concept  to  data  switching  networks. 

4,  HM'LuMt'Ai:  There  is  an  almost  complete  absence  of  criteria  for  the 
evaluation  of  the  economic  performance  of  current  data  handling  efforts. 

KC.CiAiMt.iVi/Ani*':  Cost-effectiveness  should  not  be  the  principal  cri¬ 
terion  to  determine  whether  or  not  efforts  should  be  initiated  to  explore 
the  feasibility  of  improved  data  handling  systems. 
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See  1  above. 


This  report  discusses  a  plan  for  a  national  information  system.  It  reviews 
the  findings  of  a  survey  of  scientific  and  technical  dats  activities  in  the 
United  States.  Comments  are  included  on  nrevalent  problem  areas  involved 
in  system  and  network  0  istruction  that  concern  personnel,  finances,  equip¬ 
ment,  administration,  innut  data,  ana  coordination.  Organizational  struc¬ 
tures  and  human  competencies  appear  over-extended  in  terms  of  their  abilities 
to  effectively  accommodate  evolving  data  management  and  data  handling  needs. 
Alleviation  of  the  situation  does  not  appear  imminent,  since  the  Individuals 
and  organizations  affected  are  only  beginning  to  recognize  its  gravity. 
Characteristics  of  the  Nr  National  tandard  Reference  Jata  system  are  des¬ 
cribed  in  exemplification  of  an  information  system  network  format.  Informa¬ 
tion  flow  is  considered  with  respect  to  Physical,  physiological,  and  behav¬ 
ioral  potentials  and  limitations.  ihe  successful  realization  of  complex 
information  networks  is  considered  possible. 
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